
Workbook: RSOA-distribution.xls Equation Listing HAI Model, v5.OA 
Distribution Module Worksheet: output 

Column Name 

F distribution conduit placement 

Formula 

=IF(wireless~cap~ind=O,calculations!AU2.0) 

=IF(wireless~cap~ind=O,calculations!AV2,0) 

=IF(wireless cap ind=O,calculations!ASZ,O) 

=IF(wireless~cap~ind=O,calculations!AT2,O) 

=IF(calculations!PZ=O.rock mult.O) 

Description 

reports total investment in distribution conduit 
materials 
reports total investment in distribution conduit 
placement 
reports total investment in distribution poles and 
pdle setting 
reports total investment in distribution buried cable 
placement 
reports rock placement multiplier to be used by 
fekder mod& in modifying &cement invest&nt 
as may be required by shallow bedrock conditions 
reports difficult surface placement multiplier to be 
used by feeder module in modifying placement 
investment as may be required by difficult surface 
conditions 

1 reports water table depth for use by feeder module in 
modifying manhole i&estment in presence of high 
water table 

X distribution buried placement 
inv 

Y rock plcmt mult 

Z difficult surface mult 

AA water table depth, R 

AB effective distribution fill 

AC number of high-density RTs 

AD high-density RT investment 

- 

=IF(calculations!P2=O,diff_sfc,O) 

=IF(calculations!P2=O.‘cluster input data’!V2,0) 

=IF(AND(wireless~cap_ind=O,calculations!P2=O),(O.~*calculatioos!~l(calculat~on reports achieved distribution cable fill factor as 
s!S2*calculations!U2)/(calculations!AA2+calculations!AB2*max~cable)),O) computed at distribution side of SAI 
=IF(wireless~cap~ind=O,IF(calculations!F2=I,calculations!CA2,0),0) reports total high-density remote terminals required 

in cluster: includes effects of branch or backbone 
subdivision, if required 

=IF(wireless~cap~ind=O,1F(calculations!FZ=l,calculations!CB2,0),IF(calculations!P mports total investment in high-density DLC remote 
2=O,IF(clustr tot lines<=brdcast thresh,clustr tot lines*wireless cwbrdcast corn terminals for cluster; comoutes representative 
mo~~i~v*CEILING(clustr~tot~linesmrdcast_,I)+brdcast~var~inv’c~str~t wireless investment iotaIs if wireldss “cap” 
ot-lines),O)) calculations are enabled and local distribution 

investment exceeds either point-to-point or 
broadcast “cap” 
reports total low-density remote terminals required 
in cluster; includes effects of branch or backbone 
subdivision. if reauired 

=IF(wireless~cap~ind=O,IF(calculations!F2=I,calculations!BZ2,0)+calculations!BP 
2*calculations!AK2+calculations!BS2,0) 

reports investment in low-density DLC remote 
terminals and in Tl equipment for outliers 



Workbook: R50A-distribution.xls Equation Listing HAI Model, v5.OA 
Worksheet: output Distribution Module 

AG fiber strands required =IF(wireless~cap~ind=O,IF(calculations!F2=I,calculations!CC2,0),IF(calculations!P reports total fiber strands needed by RTs in cluster; 
2=0,4,0)) if wireless cap exceeded, reports four fibers for radio 

Column Name Formula Description 

AH SAI investment 
equipment 
reports total SAI investment f 
indoor SAI totals when high-rise calculations are 
invoked 

AI terminal investment 

AJ 
AK 
AL 

AM 

AN 

A0 

AP 

drop investment 
NID investment 
number of DLC lines 

vertical connecting cable 
length. ft _ 

horizontal connecting cable 
length, R 

vertical connecting structure 
distance, tl 
horizontal connecting 

reports total investment in terminals (interface 
between drops and distribution cable) 
reports total investment in installed subscriber drops 
reports total investment in network interface devices 
reports total number of lines served by DLC in 
cluster and outliers 
reports vertical (optical fiber) connecting cable to 
feeder module for sizing and investment 
computation when backbone cable is subdivided 
reports horizontal (optical fiber) connecting cable to 
feeder module for sizing and investment 
computation when branch cables are subdivided 
reports structure distance for vertical connecting 
cable, when present 
reports structure distance for horizontal connecting 

structure distance, A cable, when present 

AQ n 
average loop length in cluster, =IF(wireless~cap~ind=O,calculations!BT2,0) reports average loop length within cluster 

AR 
AS 
AT .._ 

I I I acre extensions for use by interface in totallina cluster 
investments 

zaximum loop length, R 
cluster ID 
cluster serial number 

=IF(wireless~cap~ind=O,calculations!BV2,O) 
=‘cluster input data’!E2 
=calculations!CG2 

reports maximum loop length in cluster 
repeats cluster ID from cluster input sheet 
renorts basic cluster serial number without outlier 

AU wireless cap indicator reports whether wireless cap is reached for cluster; 
saved in workfile 

AV 

AW 

lines affected by wireless cap =IF(AND(AUZ=l ,calculations!P2=O),calculations!DZ2,0) If wireless cap applies, records total lines in cluster 
and outliers; save in workfile 

cable+structure+DLC inv less =IF(AND(AU2=l,calculutions!P2=O),calculations!EA2-output!AD2,0) calculates investment saved by employment of 
wireless estimate wireless assumptions 



uuuuu-.uuuuuuu 

Workbook: RSOA-distribution.xls Equation Listing 
Worksheet: output 

Column Name Formula 

1 u 1 talc buried fraction --main 1 =IF(AND($AU2=O,calculations!~P2=0),calculations!CD2,O) 

AY 

AZ 

BA 

BB 

cluster 
talc aerial fraction -_ main =lF(AND($AU2=O,calculations!$P2=0),calculations!CEZ,O) 
cluster 
talc u/g fraction -- main =IF(AND(SAU2=O,calculations!%P2=0),calculations!CF2,O) 
cluster 
overall wtd avg loop length =IF(calculations!P2=O,(AQ2*lines_adj+(’cluster input 

data’!AQ2*IF(diff~sfol,ds~c~mult,l)+calculations!EG2+F2+G2)*’cluster input 
data’!AR2)/(‘cluster input data’!AR2+lines_adj),O) 

cluster fraction of wire center =lF(calculations!P2=O,‘cluster input data’!APZ,O) 
i 

uuuuuu 

HAI Model, v5.OA 
Distribution Module 

Description 

reports calculated buried fraction 

reports calculated aerial structure fraction 

reports underground structure fraction 

computes overall weighted average loop length, 
using average loop length in cluster and input 
average outlier length, weighted by lines 
computes wtd average adjustment for cluster 



Workbook: RSOA-feederxls Equation Listing HAI Model, v5.OA 
Worksheet: distribution input Feeder Module 

Column Name Formula Description 

I--- R distribution cable, 
undergrow 



Workbook: RSOA-feeder.& 
Worksheet: distribution input 

Column Name 

AE number of low-density DLC 
RTs 

AF low-density DLC investment 

AG fiber strands required 

Equation Listing 

Formula 

HAI Model, v5.OA 
Feeder Module 

Description 

AH 1 SAl inv I I 
Al I terminal inv 

AJ 
AK 
AL 
AM 

AN 

A0 
AP 

AQ 
AR 
AS 1 cluster ID 

drop inv 
NID inv 
number of DLC lines 
vertical cmmccting cable 
length, A 
horizontal connecting cable 
length, A 
vertical structure distance, A 
horizontal stmctme distance, 
n 
average loop length, fl 
maximum loop length, n 

AT cluster serial number 

AU wireless cap indicator 

AV lines affected by wireless cap 

AW cable+stmcture+DLC inv less 
wireless estimate 

Ax talc buried fraction -- main 
cluster 

A v I talc aerial fraction -- main I I . 
cluster 

Az ( talc u/g fraction --main I I 
cluster I I 

BA 1 overall wtd avg loop length 

BB ) cluster fraction of wire center I 



Workbook: R50A feederxls 
ceble~nveetment 

Equation Listing HAI Model, v5.OA 

Worksheet: Feeder Module 

Column Name Formula Description 

A wire center =‘distribution input’!C2 Wire center serving this cluster 

I3 Quadrant =‘distribution input’!EZ Quadrant where this cluster is located. 

C main feeder distance, tl =‘distribution input’!F2 Main feeder distance from the wire center to the 
subfccder splice for this cluster 

D subfeeder distance =‘distibution input’!G2 Subfeeder distance from the main feeder splice to 
the center of this cluster 

E basic lines =‘dishibution input’!12 Total lines in cluster 

F line density per scj mi =‘distribution input’!J2 Repeats line density in lines/sq mi for cluster 

G strands required =‘dishibution input’!AGZ Number of fiber strands required to serve the DLC 

er const*labor ad’ 

ut’!AM2)*VLOCIKUF’(K2,fibaeinv,2,FALSE)) 



Workbook: R50A feeder.& 
Worksheet: eebleinvestment 

Column NtUM 

R assigned copper cable 
investment 

S segment investment per strand 

T cumulative inveshnent per 
strand 

U assigned fiber inveshmcnt 

V max distance 

W cluster sequence number 

X segment distance 

Y basic segment type 

2 secondary segment type 

AA cumulative required copper 
pairs 

AB 

AC 

AD 

AE 

AF 

cumulative lines served by 
fiber 

total number of fiber strands 

cumulative copper lines 

cumulative fiber lines 

talc copper feeder till 

Equation Listing HAI Model, v5.OA 
Feeder Module 

Formula 

=IF(basic~segment_type=“Cable”,basic~lines*QZ,O) 

=IF(AC2=0,O,MZ/AC2) 

=IF(OR(OI=l,ISTEXT(Tl)),S2,S2+TI) 

=G2*T2 
=IF(OR(W3=I,ISBLANK(W3)),C2,V3) 

Description 

assigns copper cable investment to cluster by 
multiplying segment investment per line by number 
of lines in cluster 
calculates investment per strand of fiber cable for 
segment serving this cluster 
Accumulates inveshncnt per strand along feeder 
route, beginning at wire center end of mute 
Assigns share of fiber cable inveshncnt to cluster 
Computes and repeats maximum distance along 
feeder route 
Numbers cluster appearance along feeder route, 
beginning at wire center 
Computes length of main feeder segment connecting 
previous cluster to current cluster 
Indicates whether segment is served by fiber feeder 
(“DLC”) or copper feeder (“Cable”) 

=IF(this_quadranM1,‘“‘,IF(OR(W3=I,AND(this_wirc_cntl-next_wirc-cntr,this~qu= Indicates whether clusters farther along feeder route 
drant=next_quadrant,basic_segment_type=Y3,ISBLANK(Z3)))~“,IF~~ic-se~ent from current cluster use feeder cable type different 
~w-y3,y3,z3))) from that used by current cluster 
=IF(basic~segment_type=“Cable”,IF(OR(W3=l,AND(W3~I,basic~~gment~type Accumulates required copper cable pair count, 
oY3,next_quadr~tothis_quadrant,ZZo”C~ble”),ISBLANK(AA3)),b~ic-linc~ including cable sizing factor, from far end of cable 
VLOOKUP(line_density,density_inputs,2),b=sic-iine~LOOK~(line-densi~,d~ toward wire center 
sity_inputs,2)+AA3),IF(W3=1,O,AA3)) 
=IF(basic_segment_type=“DLC”,IF(OR(W3=l,AND(W3<>I,basic_segment_~pe< accumulates lines served by fiber from remote end 
>Y3,ZZo”DLC”),ISBLANK(AB3)),basic_lines,b~ic-lines+AB3),IF(Z2=”DL~, of feeder route 
AWON 
=IF(AB2=O,O,IF(W3=I,G2,IF(AB2=AB3,AC3,G2+AC3))) accumulates number of tiber strands required from 

remote end of feeder route 
=IF(basic~segmcnt_type=“Cable”,lF(OR(W3=I,AND(W3~l,basic~segment~~e accumulates lines served by copper from remote end 
oY3,next_quadrantothis_quadrant,Z2o”Cablines,b of feeder route 
asic_lines+AD3),IF(W3=l,O,AD3)) 
=IF@asic~segment~~e=“DLC”,IF(OR(W3=I,AND(W3~l,basic~segment~type< Computes cumulative fiber line count from far end 
>Y3,next_quadrantothis_quadrant,Z2O”DL~),ISBLANK(AA3)),b=sic-lines,bas of feeder route for use in feeder conduit calculation 
ic_lines+AE3),IF(W3=l,O,AE3)) 
=IF(OR(AG2=O,basic~sc~cnt_type=“DLC”)cr)) calculates achieved copper feeder till factor for 

segment serving cluster 



Workbook: R50A feeder.xls Equation Listing HAI Model, v5.OA 
Worksheet: cable%vestment Feeder Module 

Column NatlIe FOllllUl~ Description 

C(ACU(max_fiber*VL00KUP(line_density.densi~-inputs,3))),f 

cable; includes extra investment for dewatering, 
which varies linearly with water table depth 



Workbook: R50A feeder.xls 
cable~nvestment 

Equation Listing HAI Model, v5.OA 
Worksheet: Feeder Module 

Column Name Formula Description 

AT copper feeder pale inv =IF(basic-segment type=“Cable”,(l+CElLMG(X2*BT2NLOOKUP(line density, 1 Computes investment in feeder D&S for cocker I 
density-inputs,19 

. . 
cable; poles carry both copper and optical fiber 

AU fiber feeder conduit inv 

wtggole_set)+wtggole_set*labor_adj))*(’distribution input’!Y2+‘distribution cable when required 
input’!Z2-l),O) 
=IF(AND(basic~segment_type=“Cable’~,Z2o”DLC”),O,IF(AO2~,O,I/A02*V2*X Computes investment in conduit for underground 
2*BX2*((l+spare_tubes_sect)*(conduit_mat-inv-~)+AM2*i~er-duct-inv-~))) fiber feeder cable, including any required inner duct 

for overtlow cable 
AV fiber fdr pullboxes =IF(basic~segment~~~“Cable”,lF(AQ2oO,O,X2’BXZ~LOOK~(line~densit Calculates investment for pullboxes for fiber feeder 

y,density~inputs,l3)*VLOOKUP(line~density,density_inputs,l8)),0) cable in segment 
AW fiber feeder u/g trenching =lF@asic~segmcnt_typeo”Cablc”,~*BXZ*VLOOKUP(line~densi~,densi~~inpu Computes invcstmcnt in placement for underground 

ts,lS)*((l-wtg_excav)+wtg_excav*labor_adj)*~distron input’!Y2+‘disbibution fiber cable for segment 
input’!Z.tl),O) 

Ax tiber feeder buried placement =IF@asic_segment~~“Cable”~*BVZ*VLOOKUP(iine~densi~,density~inpu Calculates investment in buried placement for fiber 
ts,l4)*((l-wtg_excav)I-wtg_excav*labor_a input’!Y2+‘distribution feeder cable for this segment 
input’!Z2-l),O) 

AY fiber feeder poles =lF(basic~scgmcnt~typ~“Cablc”,( l+CEILING((XZ)*BW2NLOOKUP(line_dens Computes investment in feeder poles for fiber cable 
ity,density~inputs,l9),l))*@ole~materials+pole~labor*((l- for this segment 
wtggole_set)+wtgpole_set*l~or_adj))*(’dibution input’!Y2+‘distrihution 

I input’!Z2-l),O) I 
AZ 1 cumulative number of lines 1 =IF(02=I ,basic_lines,hasic_lines+AZ3) 1 Accumulates total lines from remote end of feeder 

route. 
BA copper feeder conduit =IF(AD2=0,0&‘2/AD2) Computes copper conduit inveshncnt for the current 

segment inv per line segment per line 
BB cumulative conduit inv per =IF(OR(Ol=l,lSTEXT(BBl)),BA2,BA2+BBI) accumulates per-line conduit invcshncnt from 

line beginning of feeder route 
BC assigned copper feeder =lF(basic_segment_type=“Cable”,basic_l Computes cluster’s share of copper conduit 

conduit inv -tubes_sect)*BU2*conduit_mat_inv_A,0) investment plus conduit required for copper 
subfeeder. Note that connecting cable and structure 
distances do not affect this calculation because tbev 
arc only used with fiber feeder 

BD 1 total feeder manhole sgmt inv 1 =IF(AZ2=O,O,(AQ2+AV2)/AZ2) computes manhole and pullbox investment per 

BE 

per line 
cumulative inv per line 

cumulative line 
accumulates per-line inveshncnt in manholes and 
vullboxes from beginning of route 



Workbook: RSOA-feederxls 
Worksheet: cable Investment 

Column Name 

BF I assigned total feeder manhole 

segment inv per line 

segment inv per line 

Equation Listing 

Formula Description 

=lF@asic~segment~type=“Cablc”,subfe~cr~dist*BU2~LOOK~(linc~d~si~,de 
nsitv irmuts,7)*VLOOKUP(line density,dcnsity_inputs,l7),(subfeedcr_dist+’distrib 

assigns manhole and pullbox investment to current 
:luster according to total lines in cluster; includes 
investment required for subfeeder (with connecting 
:ables, if present) 

=lF(OR(OI=I.ISTEXT(BHI)),BG2,BGZ+BHI) 

=IF@asic~scgment~typ~“C~ble”,subfccdcr~dist*BU2*VLOOKUP(linc~density,de 
nsity_inputs,9)*((l-wtg_excav)+wtg_excav*labor_adj),(subfeebution 
input’!A02+‘distribution 
input’!AP2)*BX2*VLOOKUP(linq_density,densi~-inputs,l5)*((1- 
wtg-excav)+wtg_excav*labor-adj))’(’distribution input’!Y2+‘distribution input’!Z2- 
I)+basic_lines*BH2 
=IF(AZ2=O,O,(AS2+AXZ)/AZ2) 

=IF(OR(OI=I,ISTEXT(BKI)),BJ2,BJ2+BKl) 

=IF(basic_segmen?_type=“Cable”,subfe~er-dist*BS2*VL~KUP(line-densi~,de 
nsity inputs,E)*((l-wtg_excav)+wtg_excav*lahor~~j),(subfe~cr~dist+’dis~ibution 
input;!A02+*distribution 
input’!AP2)*BV2*VLO(linc~d~sity,densi~~inputs,l4)*((1- 
wtg-cxcav)+wtgexcav*labor_adj))*(’distribution input’!Y2+‘dishibution input’!Z2- 
I)+basic_lines*BK2 
=IF(AZ2=O,O,(AT2+AY2yAzz) 

=IF(OR(OI=I,ISTEXT(BNl)),BM2,BM2+BNl) 

HAI Model, v5.OA 
Feeder Module 

calculates total underground (conduit) placement 
investment per line 
accumulates feeder (conduit) underground 
placement investment per line 
Assigns cluster share of main feeder underground 
phwxment investment according to lines in cluster; 
adds subfeeder placement 

calculates buried olacement investment for current 
segment expressed per line 
accumulates buried placement inveshncnt per line 
from beginning of feeder route 
computes cluster’s share of total buried placement 
investment according to lines in cluster; includes 
subfeeder buried placement and connecting cables 
for tiber subfeeder, when present 

calculates feeder vole investment for current 
segment per line 
Accumulates feeder pole investment per line from 
beginning of feeder route 



Workbook: R50A feeder.xls 
Worksheet: cable~nvestrnent 

Column Name Formula 

BP 

BQ 

BR 

fiber feeder conduit segment 
inv per line 
cumulative inv per line 

assigned fiber feeder conduit 
inv 

BS effective copper buried 
fraction 

BT 

BU 

BV 

effective copper aerial fraction 

effective copper u/g fraction 

effective fiber buried fraction 

I 
BW 1 effective fiber aerial fraCtiOn 

investment/foot, cable + 

cable 

Equation Listing 

=basic~lines*BN2+1F(basic_segment_type=’ist*B 
T2NLOOKUP(line~density,dcusity_inputs,l9),l))*(pole~materials+pole_labor’((l 
-wtggale_set)+wtggole_set*labor_adj)*(’dbution input’!Y2+‘distiibution 
inout’!Z2- 
I~,O)+IF@asic_segment-~~~‘C~ble”.( l+CElLING((subfeeder~dist+‘distribution 
input’!A02+‘distribution 
input’!AP2)*BW2NLOOKUP(line_density,density_inputs,l9),1))*(polc~materials+ 
polc_labor*((l-wtggole_set)+wtggole_set’ion 
input’!Y2+‘distribution input’!Z2-l),O) 
=IF(AE2=O,O,AU2’AE2) 

=IF(OR(OI=I,ISTBXT(BQI)),BP2,BP2+BQl) 

=IF(basic_segment_type=“DLC”,basic_lines*BQ2,O)+lF(b~ic-sc~ent-~e=“Cab 
le”,O,IF(A02=O,““,(subfeeder~dist+’distribution input’!A02+‘distribution 
input’!APZ)*BU2*(conduit_mat_inv_ff*(l+sparc_tubes_sect)))) 
=VLOOKUP(line-density,density_inputs,S)+CF2 

=MAX(O,l-BS2-BLJZ) 

=VLOOKUP(line~density,dcnsity~inputs,6) 

=VLOOKUP(line~dcnsity,density~inputs,l I)tCN2 

=MAX(O,I-BV2-BX2) 

HAI Model, v5.OA 
Feeder Module 

Description 

assigns feeder pole investment to cluster according 
to total lines in cluster; includes subfeeder poles 

Computes per-line investment in conduit containing 
fiber feeder cable per line 
accumulates fiber conduit investment per line from 
beginning of feeder route 
Assigns fiber conduit investment to cluster 
according tu total lines in cluster; includes 
subfeeder conduit 
Computes effective buried structure fraction 
according to local conditions and user-set input 
values 
computes effective aerial structure fraction for 
copper cable from buried and underground fractions 
Repeats user-selected copper cable underground 
fraction for cluster density range 
Computes effective buried fiber cable structure 
fraction according to local conditions and user-set 
input values 
computes effective aerial structure fraction for fiber 
cable from buried and underground fractions 
Repeats user-selected fiber cable underground 
fraction for cluster density range 
Computes total copper buried investment per foot, 
including placement and structure sharing 

Calculates aerial copper cable investment per foot 



Workbook: R50A feeder.xls Equation Listing HAI Model, v5.OA 
Worksheet: cableinvestment Feeder Module 

Column NNIte FOrIZlUla Description 

CA copper aerial investment/foot, =1F(Y2=“Cablc”,(pole_materials+pole~labor*((l- Calculates pole investment per foot for copper 
pole, with sharing wtggole~sct)+wtg~polc~set*lahor_adj))~LOOK~(line~d~si~,densi~~inputs,l cables, including effects of pole sharing 

9)*VLOOKLlT’(line~density,density_inputs,20),0) 
CB std copper buried LC costitl, =BYZ*(LCFactors!%CS3+LCFactors!$D$3) Computes life cycle cost/II of buried cable, 

with sharing including capital carrying costs, maintenance costs, 
and effects of structure sharing; result represents 
“standard” cost untie&d by local conditions 

cc std copper aerial LC costIt?, =BZ2*(LCFactors!$C$5+LCFactors!~D$S)+CA2*(LCFactors!$C$9+LCF~tors!$D Computes life cycle costltl of aerial cable, including 
with sharing $9) capital carrying costs, maintenance costs, and effects 

of structure sharing; result represents “standard” 
cat unaffected by local conditions 

CD local copper buried LC cost& =IF(Y2=“Cable”,((AH2*m~~copper_inv+VL~KUP(AG2,cop~r~inv,2,FALSE)) Computes life cycle cost/ft of buried cable, 
w/sharing *inputs!$C$57+(‘distribution input’!Y2+‘distribution input’!Z2- including capital carrying costs, maintenance costs, 

l)*VLOOKUP(linc~dcnsity,density_inputs,2X))*((l- and effects of structure sharing and local rock and 
wtg_copper_const)+wtg_copper_const*labor-~j),O)*(LCP~tors!$C$3+LCFacton! difticult surface conditions; result represents local 
$D$3) cost adjusted tn local conditions 

CE local copper aerial LC costltt, =IFC(2=“Cable”,BZ2*(LCFacto~!~C$5+LCFactors!$D55)+(pole~materials+~dis~i Computes life cycle costlft of aerial cable, including 
w/sharing bution input’!Y2+‘distribution input’!Z2-l)*pole-labor*((l- capital carrying costs, maintenance cnsts, and effects 

wtggolc~set)+wfggole~set*labor_adj))~LOOKUP(line~d~si~,densi~~inputs,I of structure sharing and local rock and difficult 
9)*VLOOKUP(linc_dcnsity,dcnsity_inputs,2O)*(LCF~tors!$C$9+LCF~tors!$D$9 surface conditions; result represents “local” cost 
m adjusted for local conditions 

CF copper buried adjustment =IF(Y2=“Cable”,(O.5- Calculates adjustment to input buried structure 
l/(l~CB~CC2~((CD~CE2)Ainputs!$G$82)))*~OOK~(iine-d~si~,densi~-in fraction for local density range using user-specified 
P%23),0) buried “swing” factor and standard and local cost 

inputs to logistic function 

CG fiber buried investment/foot, =IF(Y2=“DLC”,VLOOKUP(AL2,fiber_inv.2.Ff Computes total fiber buried investment per foot, 
cable + placement, with iber_inv+inputs!$C$5X)+VLOOKUP(line_densi~,densi~~inputs,29),0) including placement and structure sharing 
sharing 

CH fiber aerial investment/foot, =IF(Y2=“DLC”,VLOOKUP(AL2,fiber_inv,2,FALSE)+A~*(~-~ber-inv),O) Calculates aerial fiber cable investment per foot 
cable 

CI fiber aerial invcshncntlfoot, =IF(Y2=“DLC”,@ole_materials+pole~labor*((l- Calculates pole investment per foot for fiber cables, 
pole, with sharing wtggolc~sct)+wtg~pole~set*labor_adj))~L~KUP(line~densi~,densi~~inputs,l including effects of pole sharing 

9)*VLOOKUP(line~density,density~inputs.2),0) 
CJ std fiber buried LC cost/t?, =CG2*(LCFactors!$C$4+LCFactors!$D$4) Computes life cycle costlfi of buried cable, 

with sharing including capital carrying costs, maintenance costs, 
and effects of structure sharing; result represents 
“standard” cost unaffected by local conditions 



Workbook: R50A feederxls 
Worksheet: cableinvestment 

Column Name 

Equation Listing 

FOITllUl~ 

=CHZ*(LCFactors!SCS6+LCFactors!$D$6)+CI2*(LCFactors!SCS9+LCFactors!$D 
$9) 

=lF(Y2=“DLC”,VLOOKUP(AL2,fiber_inv,2,FALSE~inpots!$C$5X+AMZ*(m~~f 
iber-inv+inputs!$C$SS)+(‘distribution input’!Y2+‘dishibution input’!Z2- 
l)*VLOOKUP(line_density,density_inputs.2D 
$4) 

HAI Model, v5.OA 
Feeder Module 

Description 

Computes life cycle cost/A of aerial cable, including 
capital carrying costs, maintenance costs, and effects 
of structure sharing; result represents “standard” 
cost unaffected by local conditions 
Computes life cycle costitl of buried cable, 
including capital carrying costs, maintenance costs, 
and effects of structure sharing and local rock and 
difficult surface conditions; result represents local 
cost adjusted to local conditions 
Computes life cycle cost/R of aerial cable, including 
capital carrying costs, maintenance costs, and effects 
of structure sharing and local rock and diffwlt 
surface conditions; result represents “local” cost 
adjusted for local conditions 
Calculates adiustment to inout fiber buried structure 
fraction for local density raige using user-specified 
buried “swing” factor and standard and local cost 
inouts to lo&tic function 



Workbook: RtiOA-feeder.xls Equation Listing HAI Model, v5.OA 
Worksheet: output Feeder Module 

Column 

I 

B I= C 
D 

E 
F 
G 

H 

I 
I 
K 

= 

L 
M 
N 
0 

P 

Q 

r 

R 

S 

Name Formula 

wire center “distribution input’!C2 

operating company 
3BG 
operating company indicator 

=‘distribution input’!AZ 
=‘distribution input’!D2 
=‘distribution input’!B2 

“‘“‘i” =‘distribution inout’! 

‘es lines 

SA lines 

,bution input’!L2 
=‘distribution input’!M2 

=‘distribution input’!N2 

Tublic lines 
households 
single-line business lines 

=‘distribution input’!02 
=‘distribution input’!P2 
=‘distribution input’!Q2 

area, sq mi 
density line&q mi 
density range 
cpr fdr cbl inv, u/g 

=‘distibution input’!K2 
=‘distribution input’!JZ 
=VLOOKUP(M2,densh-inputsJ6) 
=&able inv’!$R2+‘cable inv’!J2)*‘cable inv’!BU2+IF(‘cable inv’!H2=“N/A”,O,‘cable 
inv’!D2*VLOOKUP(‘cable inv’!H2,copper_inv,2,FALSE)*‘cable inv’!BU2) 

cpr fdr cbl inv, buried 

cpr fdr cbl inv, aerial 

=&able inv’!$R2+‘cable inv’!J2)*‘cable inv’!BS2’inputs!$C$57+IF(‘cable 
inv’!H2=“N/A”,O,‘cable inv’!D2*VLOOKUP(‘cable 
inv’!HZ,copper_inv,2,FALSE)*‘cable inv’!BS2)*inputs!$CS57 
=(‘cable inv’!$R2+‘cable inv’!l2)*‘cable inv’!BT2+IF@able inv’!HZ=“N/A”,O,‘cahle 
inv’!DZ’VLOOKUP(‘cable inv’!H2,copper_inv,2,FALSE)*‘cahle inv’!BTZ) 

fiber fdr cbl inv, u/g 

fiber fdr cbl inv, buried 

=&able inv’!$U2+‘cable inv’!N2)*‘cable inv’!BX2 

=(‘cable inv’!$U2+‘cable inv’!N2+IF(‘cable inv’!YZo”Cable”,(‘cable inv’!D2+‘cahle 
inv’!X2+‘distibution input’!AM2+‘distribution input’!AN2)*inputs!$C$SS,O))*‘cable 
inv’!BVZ 

Description 

repeats wire center location ID from distribution 
input sheet 
reoeats comoanv name from distribution inout sheet _ 
repeats CBG from distribution input sheet 
repeats operating company type indicator from 
distribution input sheet 
repeats total lines from distribution input sheet 
repeats business lines from distribution input sheet 
repeats residential line total from distribution input 
sheet 
repeats special access line total from distribution 
input sheet 
reoeats oublic line total from distribution inout sheet 
repeats household total from distribution input sheet 
repeats single-line business line total from 
distribution input sheet 
repeats area from distribution input sheet 
repeats line density from distribution input sheet 
reoeats densitv ranee from distribution inout sheet 
computes overall feeder copper cable investment for 
underground placement, including effect of regional 
labor multiplier 
computes overall feeder copper cable investment for 
buried placement, including effect of regional labor 
multiplier 
computes overall feeder copper cable investment for 
aerial placement, including effect of regional labor 
multiplier 
computes overall feeder fiber cable inveshnent for 
und&round placement 
computes overall feeder fiber cable investment for 
buried placement, 



Workbook: RSOA-feederxls Equation Listing HAI Model, v5.OA 
Worksheet: output Feeder Module 

Column Name FormuIa Description 

T fiber fdr cbl inv aerial =&able inv’!$UZ+‘cable inv’!N2)*‘cable inv’!BW2 computes overall feeder fiber cable inveshnent for 
aerial placement 

U fdr conduit inv =‘cable inv’!BCZ+‘cable inv’!BR2 calculates total conduit investment as sum of copper 
and fiber investments 

” feeder manhole inv =‘cahle inv’!BFZ reoeats feeder manhole hivestment (includes 
p;llboxes for fiber) 

W feeder u/g copper plcmt inv =IF(‘cable inv’!$Y2=“Cable”,‘cable inv’!SBIZ,O) repeats underground copper placement inveshnent 

X feeder u/g fiber plcmt inv =IF(‘cable inv’!SYZ=“DLC”,‘cable inv’!SBIZ,O) repeats feeder underground fiber placement 
investment 

Y feeder buried copper plant =IF(‘cable inv’!$Y2=“Cable”,‘cable inv’!$BLZ,O) repeats feeder buried copper placement investment 
1 inv I I 
I feeder buried fiber olcmt inv I =IFI’cable inv’!%Y2=“DLC”.‘cable inv’!SBL2.0) reDeats feeder buried fiber olacement investment 

oute; equivalent to fill at 

AL DLC inv w/site 

AM SAI inv 

AN terminal inv 

A0 drop inv 
hP NID inv 

=‘distibution input’!AD2+‘distrihutian inpuf!AFZ 
=‘distribution input’!AHZ 
=‘distrihution input’!A12 
=‘distibution input’!AJ2 
=‘distribution innut’!AKZ 

mainframe 
repeats DLC investment 
repeats SAI inveshnent 
repeats terminal inveshnem 
repeats drop investment 
reneats NID investment 



Workbook: RSOA-feederxls 
Worksheet: output 

Equation Listing HAI Model, v5.OA 
Feeder Module 

=‘cable i”v’!XZ+‘cable i”v’!DZ 

Formula Description 

calculates incremental distance from previous 
cluster DIN subfeeder distance 

=‘distribution input’!HZ 
=IF(‘cable inv’!YZ=“DLC”,‘cable inv’!EZ,O) 
‘distribution input’!BA2*‘disbibution input’!BB2 

‘distribution input’!AT2 

repeats total distribution shucture distance 
repeats number of lines served by DLC 
Calculates average loop length for cluster weighted 
by fraction of total wire center lines in cluster for 
use by interface in computing weighted average loop 
length for wire center 
repeats cluster serial number from distribution input 
sheet 



Workbook: RSOA-switching-iaxls Equation Listing 
Worksheet: 

Column 

host remote 

Name Formula 

=IF(ISNA(vL~KUP($B2,inv~tbl,l,FALSE)),O,VLOOKUP($B2,inv_tbl,65,FALS 
E)/VLOOKUP(SB2,inv_tbI,2,FALSE)) 
=~F(ISNA(VL~KuP(lsBZ,inv~tbl,l,FALSE)),O,VLOOKUP($B2,inv~tbl,66,FALS 
E)NLOOKUP($B2,inv_tbl,2,FALSE))*io_fraction 
=IF(SA2O$AI,VLOOKUP($W2,sw_inv_fbl,lF(OR(’loop db inputs’!$B$2=8,‘loap 
dh inputs’!SB~2=l),3,9))+D2/line~fill*VLOOKUP(5W2,sw~inv~tbl,IF(OR~l~p db 
inputs’!$B52=8,‘loop db inputs’!$B$2=1),6,12))- 
W2/6*inputs!$C$37+AL2*inputs!$C$37+AQ2*inputs!$C$97/2- 
Z2*inputs!$C$24,0)*sw_install_mult 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

Tint three columns are populated by interface when 
lost/remote calculations are enables and remote/host 
lssignments made; these entries function as a 
ookup table for wire center investment sheet to 
obtain host and remote inyeshncnts 

:&dates switched line total served from host wire 
:enter 
:alculates total residential lines served from host 
Mire center 
:alculates total business and public lines served 
Ram host wire center 
:alculates total traffic contributed to local 
mthmote ring by host 
:alculates total interoffice BHCA generated by host 
310°C 

:alculates total interoffice busy hour traffic 
generated by host alone 
:alculates switched line total served by remote 
calculates total residential lines served by remote 

calculates total business and public lines served by 
renlote 
accumulates busy-hour call attempts in host/remote 
system 
total BHCA generated by remote 

total interoffice busy hour traffic generated by 
remote, including remote-host traffic 
total SW inv per host, using total lines in system for 
table entry and directly-served lines for variable 
investment calculation 
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Workbook: RSOA-switching-ioxls Equation Listing HAI Model, v5.OA 

Worksheet: host remote Switching/Interoffice Module 

Column Name Formula Description 

total business + public lines in =IF(A3=A2,Y3+F2+L2,F2+L2 

rem0 e sys cm 

rh~fraction))*bus~loc~dir)*O.S) 
AD total local direct hunks per =lF($Alo$A2,1F(AC2~=trfc~thresh,VLOOKUP(AC2,~k~t~ble,2),CEIL~~(AC2 

host 
computes local direct trunks required per host from 

/trk-occ,l)),O) traftic table 

AE cumulative local tandem =IF($A3=$A2,AE3+~ost_res+remote_res)*rcs~loc~tdm+(host~bus+remote~bus)*b 
tnfflic, ccs 

accumulates local tandem-routed traffic for 
us~loc~tdm,~ost~res+remote~res)‘res~loc~tdm+(host~bus+~~otc~bus)‘bus~loc~t hosVrcmotc system 
W 



Workbook: RSOA-switching-ioxls Equation Listing 
Worksheet: host remote 

Column Name Formula 

A,Z I tota, local tandem tnmks oer I =IF($AloSA2,1F(AE2~-trfc~thrcsh,VLOOKUP(AB2,~k~~ble,2),CB~L~G(AB~ . . . 

AG 

AH 

AI 

Al 

AK 

host rrk-&)),O) 

cumulative intraLATA direct =IF($A3=$A2,AG3+((host_res+remote_res)*rcs-LATA-di~(host-bus+rcmote-bu 
traffic, ccs s)*bus_LATA_dir)*0.5,((host_res+remote-res)*res-LATA-di~(host-bus+remote- 

bus)*bus_LATA-dir)*O.5) 
total infraLATA direct trunks =IF($AloSA2,1F(AG2~=trfc_thresh,VLOOKUP(AG2,~k~table,2),CEIL~NG(AG2 
per host /trk-occ,l)),O) 
cumulative intraLATA =1F($A3=$A2,A13+(host~res+remote~res)*rcs~LATA~~m+(host~bus+rcmote~bus 
tandem traffic, CCS )*bus_LATA_tdm,~ost_res+remotc-res)*res-LATA-tdm+(host-bus+remote-bus) 

*bus_LATA_tdm) 
total intraLATA tandem =IF($AlO~A2,1F(A12<=trfc_thresh,VLOOKUP(Al2,~k~table,2),CElLING(A~2~~ 
trunks per host k-occ,l W) 
cumulative OS trtic, CCS =IF(SA3=$A2,AK3+(ho~t~re~+remotc~rc~)*res~OS+~ost~bus+~mote~bus)*bus~ 

OS,(host~res+remotc~re~)*res~OS+(host~bus+remotc~bus)*bus~OS) 

AL total OS hunks per host 

AM 

AN 

cumulative direct-routed 
access tmffk, ccs 

total direct-routed access 

A0 

trunks per host 
cumulative tandem-routed 
access trafftc, ccs 

k AP 

AC! 
AR 
AS 
AT 

I -tdm) 
1 total tandem-routed access 

trunks per host 
total A links per host 
SA lines per host 
SA lines per remote 
cumulative SA lines 

/tik-occ,l)),O) 
=IF(AIoA2,2*CEILING(M2’inputs!SFS63,1),0) 
=IF(AIoA2,VLOOKUP(A2.loop~in~tbl,8),0) 
=VLOOKUT’(B2,loop_in_tbl,8) 
=IF(A3=A2,AT3+AS2,AS2) 

I I 
AU total SA lines per system =IF(AloA2,AR2+AT2.0) 

I I 
AV 1 total switched trunks per host 1 =APZ+ANZ+AL2+AJ2+AH2+AF2+AD2 

AW wire center inv per host =IF(SAl~$A2,VLOOKUP($Ll2,wc_inv,7),0) 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

computes local tandem trunks required per host from 
tdlk table 
accumulates intraLATA direct-routed traffic for 
host/remote system 

computes intraLATA direct trunks trunks required 
per host from traffic table 
accumulates intraLATA tandem-routed traffic for 
host/remote system 

computes intmLATA tandem trunks trunks required 
per host from traffic table 
accumulates operator services traffic for host/remote 
system 
computes operator services trunks trunks required 
per host from traflic table 
accumulates direct-routed acwss traffic for 
host/remote system 

computes direct access trunks trunks required per 
hnat from traffic table 
accumulates tandem-routed access traffic for 
host/remote system I 

computes tandem access trunks trunks required per 
/ host fromtraffictaple 

computes total A s~gnalmg bnks per host 
calculates total special access lines per host 
calculates total special access lines per remote 
accumulates special access lines in host/remote 
system 
calculates total special access lines for host/remote 
system 
calculates total switched trunks per host 
computes wire center investment for host wire 
center I 



Workbook: RSOA-switching-ioxls Equation Listing 
Worksheet: host remote 

Column Name 

Ax wire center inv per remote 

host ADM inv -- HR ring 

I 
BB 1 total ring DSOs per remote 
BC 1 total HR ring DSOs, host trfc 

Formula 

=VLOOKUP($J2,wc_inv,7) 

=IF(A3=AZ,AY3+AW2+AX2,AW2+AX2) 

=IFIAloAZ.IF(BF2=O.inouts!$C$159+(CEILING((BC2+BD2)*(l+~~sit fac)/Ui 
nputs!$C$16~/7;1)- . 
12)*inputs!$C$149,IF(CEIL~G((BC2+BD2)*(I+~ansit_fac)/Uinputs!$CS165128, 
l)~=12,inputs!$C%l58,CEIL~G((BC2+BD2)*(l+transit~fac)/2/inputs!$C$165/28/ 
ma~rate,l)*inputs!$C$157))+CEILING((BC2+BD2)*( l+transit_fac)/2/inputs!$C$ 

HAI Model, vS.OA 
Switching/Interoffice Module 

Description 

computes wire center investment for remote wire 
center 
accumulates wire center investment for host/remote 
system 
computes transmission terminal investment at host 
location for host/remote ring 

computes transmission terminal investment for 
remote wire center 

calculates total DSOs on ring for remote 
calculates total DS-0s contributed to host/remote 
ring by host 
accumulates ring DSOs for host/remote system 
indicates whether ring capacity exceeds OC-3 

repeats ring capacity indication 
accumulates investment in terminal equipment for 
host/remote ring 
computes average investment per line in all 
host/remote ring terminal equipment 



Workbook: RSOA-switching-ioxls 
Worksheet: ring io 

Column Name 

A Remote 

B Remote Vat (NECA) 

C Remote Horiz (NECA) 

D NECA Co Code 

E Host 

F Host Vert (NECA) 
G Host Horiz (NECA) 

Equation Listing 

Formula 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

1 H I I I 
I I wire Center 

1 1 WC Vat (NECA) I I 
K ) WC Horiz (NECA) 
T I NECA Co Code I I 

2 Wire Center 

AA Wire Center Connects to 
CLLI (CLLI #I) 

AB Distance from Wire Center to 



Workbook: R50A-switching-io.xls Equation Listing HAI Model, v5.OA 
Worksheet: ring io Switching/interoffice Module 

Column Name Formula Description 



Workbook: R50A-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: distance inputs Switching/Interoffice Module 

Column NtittIe Formula Description 

Code 
K NECA Tandem Vert Coord 

L NECA Tandem Horiz Coord 

M Tandem LATA (From NECA 
1 Data) I I 

N 1 WC Connects to BOC CLLI ) 

0 1 Total DS-3 Equivalents in I 
1 Ring I I 
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Workbook: RSOA-switching-io.xls Equation Listing HAI Model, v5.OA 
Worksheet: distance Inputs Switching/Interoffice Module 

Column N%lle Formula Description 

AB Total Number of Rings 
Intersecting a Tandem 

AC 1 total unidentified tdm distance 



Workbook: R50A-switching-io.xls Equation Listing HAI Model, v5.OA 

Worksheet: loop db inputs Switching/Interoffice Module 

Column Name Formula Description 

111” 
M feeder u/g fiber plant inv 
N feeder u/g copper plcmt inv 
0 feeder manhole inv 
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Workbook: R50A-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: tandem and STP investment Switching/Interoffice Module 

ROW B C D Description 

l”YeStme” 

inputs’!AC2=O,O,(SUM(‘ring io’!AN:AN)+‘distance adjushncnt factor applied to ring 
inputs’!$X$2+‘distance inputs’!SZ$2)/(SUM(‘ring distances to accommodate the 
io’!AN:AN)-‘distance inputs’!AC2)) 



Workbook: R50A-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: tandem and STP investment Switching/Interoffice Module 

ROW 

1 
8 

9 

IO 

II 

I2 

13 

I4 

I5 

I6 

I7 

I8 

I9 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

F 

lmber of operator 
“dens 
Ntal operator tratxc, 
cs 
ltal werator DS-3s 

Ital operator positions 
I I 

ltal OS tdm common eauioment 

ltal OS tdm. w-r line 1 

I 
Ital operator position investment 

I 

eal operator pas. investment/line 

I 

)tal OS tdm wire center 
I 
I 

ltal OS tdm wire center. oer lint 

I 
)tal additional bridge ADMs required 

=I 

=I 
in 
=I 

=I 

=I 

=I 

=I 

=I 

H Description 

produce an overall c0mm0n 
ADMIDCS investment (H30) per line 



Workbook: RSOA-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: tandem and STP investment Switching/Interoffice Module 

G H Description 

The calculations in this section 
develop inveshnent in entrance 



Workbook: RSOA-switching-io.xls Equation Listing HAI Model, v5.OA 

Worksheet: tandem and STP investment Switching/Interoffice Module 

Row F G H Description 

48 total switched access trunks 

49 total OC-48s, w/fill 

50 no. of entrance facilities 

=SUM(‘wirc center invcshncnt’!SBS$2:SBSSSOOO)- 
‘tandem and STp investment’!H47 
=CEILING((H47+H48)/inputs!Cl65/672/48,1) 

=D4*inputs!C!40 
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Workbook: R50A-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: wire center investment Switching/Interoffice Module 

Column Name F0rllUlla Description 

A = automm~ous 

inputs’! I2)f loop db inputs’!DZ) 

ce wm ten a per me 

e=“R”,BZZ,IF(AND(sw_type=“H”,B 

tKifflC, ccs direct-routed tiaff~c 

L total local direct trunks =IF($C2=O,O,l/$C2*1F(G2=“H”,VLOOKUP(A2,hr~tbl,3O,FALSE),lF(~~~~c~thr computes total local direct hunks required according 
required (equiv per line) esh,VLOOKUP(K2,trk_table,Z),CEILMG(KUinputs!$C$36,1)))) to total offered load calculation and user-set inputs 

for maximum trunk occupancy 



Workbook: R50A-swltchingjoxls Equation Listing 
Worksheet: wire center investment 

Column 

M 

N 

0 

P 

Q 

R 

s 

T 

u 

V 

W 

X 

Name 

local direct hunk inveshnent 
per line 
total local tandem-routed 
traffic. ccs 
total local tdm trks required 
(equiv per line) 

local tdm trk invest per line 

total OS traffic, ccs 

OS trks required (equiv per 
line) 

OS hk invest per line 

tdm invest per line 

tandem wire center inv per 
line 

OS tdm invest per line 

OS tandem wire center inv per 
line 

Formula 

=IF(SCZ=O,O,$C2*L2/$/$ARZ’SAU2) 

=IF(C2=O,O,IF(tdm_eounv0,(‘tandem and STP 
investment’!%D$l3+inputs!$CS37*(’wire center 
inveshllent’!02+AL2+AF2))*inputs!$C$25*(l+intertdm_frac),inputs!SC$80)) 

=IF(tdm~count&‘tandem and STP inveshnent’!$D$l5,inputs!$DS80) 

=1F(C2=O,O,IF(OS~tdm_counDO,(‘randem and STP 
investment’!$H$I5+inputs!$C$37*‘wire center invesrment’!RZ),inputs!%CSBl)) 

=IF(OS~tdm~count~O;tandem and STP inveshncnt’!IEH$24,inputs!$D$81) 

=‘tandem and STP investment’!SHS19 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

calculates share of total interoffice facility 
inveshnent assigned to local direct trunks 
computes total offered load for wire center for local 
tandem-routed traffic 
computes total local tandem trunks required 
according to total offered load calculation and user- 
set inputs for maximum trunk occupancy 
calculates share of total interoffice facility 
investment assigned to local tandem hunks 
computes total offered load for wire center for 
operator services traffic 
computes total ooperator services trunks required 
according to total offered load calculation and user- 
set inputs for maximum trunk occupancy 
calculates share of total interoffice facility 
investment assigned to operator services trunks 
computes per-line investment in tandem switching 
equipment, including common equipment and trunk 
ports; selects surrogate value if company has no 
tandems in shldy area 
computes per-line investment in tandem wire center 
facility; selects surrogate value if company has no 
tandems in study area 

Assumes tandem shares wire center with at least one 
end offlice switch 
computes per-line investment in operator tandem 
switching equipment, including common equipment 
and trunk ports; selects surrogate value if company 
has no OS tandems in study area 
computes per-line investment in operator tandem 
wire center facility; selects surrogate value if 
company has no OS tandems in study area 
rewats investment ~)er line in owrator wsition 

I 
I 

equipment 



Workbook: RSOA-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: wire center investment Switching/Interoffice Module 

AD F AE 

AG 

AH 

AI 

i 

AJ 

AK 

Name FormuIa Description 

STP inv per line =IF(F2=O,O,IF(STP~count>0,(‘tandem and STP computes STP investment per line; if company has 
investrnent’!$D523+Z2*(inputs!$CS97/2)),inputs!$C579)) no STPs in study are% calculation produces 

surrogate value 
!I links required (equiv per =IF(C2=O,O,l/C2*IF(G2=“H”,VLOOKUP(A2,hr~tbl,43,FALSE),2*CEILING((b~~~ total signaling links required by switches in wire 
line) public~Iines*bus~BHCA+rcs~lines’res_BHCA)*inputs!5F563,I))+IF(OR~l00p db center, expressed per line’ 

inputs’!B2=8,COUNT(‘loop db inputs’!SB52:$B55000)>5O),‘tadem and STP 
investment’!%D$56.0)) 

link invcshnent per line =IF(5C2=0,O,C2*Z2/5AR2*$AU2+IF(STP_coun~O,O,inputs!5D582)) assigns signaling link share of total interoff& 
facility investment per line; adds surrogate value for 
tandem A links if company has no STPs in studv 
area 

total direct routed access =busgublic_lines*bus_acc_dir+res_lincs*res-=cc-dir computes total offered load for wire center for direct 
kdrlc, ccs routed access tiaff~c 
total direct routed access =IF(C2=0,0,1/C2*IF(G2=“H”,VL0OKUP(A2,hr_(bl,40,FALSE),IF(AB2~=~c~thr computes total direct-routed access trunks required 
trunks (equiv per line) esh,VLOOKUP(AB2,trk_table,2),CEILING(ABU36,I)))+AFZ) according to total offered load calculation and uscr- 

set inputs for maximum trunk occupancy 
dedicated access trk inv per =IF($C2=O,O,C2*ACZ/$AR2*5AU2) calculates share of total interoffIce facility 
line invcshncnt assigned to direct-routed access trunks 
total tandem-routed access =busgublic_lines*bus_acc_tdm+res_lines*res-=cc-tdm computes total offered load for wire center for 
traffk, ccs tandem routed access traffic 
total tandem-routed access =IF(C2=0,0,l/C2*IF(G2=“H”,VL00KUP(A2,hr~tbl,42.FALSE),IF(AE2~=~fc~thre computes total tandem-routed access trunks required 
trunks (equiv per line) sh,VLOOKUP(AE2,trk_table,2),CEIL~G(AE2/36,1)))) according to total offered load calculation and user- 

set inputs for maximum trunk occupancy 
switched access trk inv per =IF(5C2=O,O,C2*AFU5AR2*5AU2) calculates share of total intcrofticc facility 
IillC invcshnent assigned to switched access trunks 
total intmLATA direct-routed =(busgublic_lincs*bus_LATA_dir+res_lines*res-LATA-dir)*O.5 computes total offered load for wire center for 
tratxc, ccs direct-routed intraLATA toll traffk 
total intmL,ATA direct hunks =IF(C2=O,O,l/C2*IF(G2=“H”,VLOOKUP(A2,hr~tbl,34,FALSE),IF(AH2~=~fc~thr computes total direct-routed intraLATA toll trunks 
(equiv per line) esh,VLOOKUP(AH2,trk_table,2),CEILING(AH236,1)))) required according to total offered load calculation 

and user-set inputs for maximum trunk occupancy 
intraLATA trk inv (direct) per =IF(5C2=O,O,C2*AIU5AR2*5AIJ2) calculates share of total interoffIce facility 
line investment assigned to direct-routed intraLATA toll 

trunks 
total inhaLATA tandem- =busgublic_lines*bu~-LATA_td~res_lines*res-LATA-tdm computes total offered load for wire center for 
routed tiaff~c, CCS tandem-routed intraLATA toll tmflic 



Workbook: RSOA-switching-ioxls Equation Listing HAI Model, v5.OA 
Worksheet: wire center investment Switching/Interoffice Module 

Column Name Description 

ca C” a 

t assigned to tabdcm-routed i 

placement for intcroft%e 

Ax total pullbox inv per line =IF(CZ=O,O,B02*inputs!~E$197/C2) calculates total inveshnent per line in pullboxes for 
interoft%x facilities 

AY total buried plant inv per line =IF(C2=O,O,B02*inputs!$E$l95/C2) calculates total investment per line in buried 
placement for interoffice facilities 

AZ total conduit inv per line =lF(C2=O,O,B02*inputs!SE$198/C2) calculates total investment per line in conduit for 
interoffice facilities 
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Worksheet: wire center investment Switching/Interoffice Module 

Column Formula Description 

BM BHCA =busgublic-lines*bus_BHCA+res-lines’res-BHCA 

increased by adjustment factor to account for inter- 
ring connections 
calculates total busy-hour call attempts for wire 
center 

BN total BH offered traffic, CCS =(‘loop db inputs’!$E2+‘loop db inputs’!S.G2)*inputs!$LX73+‘loop db 
inputs’!SF2*inputs!$DS72 

calculates total busy-hour offered load for wire 
center 



mmmmmmmmmmmmm 

Workbook: R50A-switching-lo.xls Equation Listing 
Worksheet: wire center investment 

Column Name Formula 

mmmmm- 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

BO 

BP 

BQ 

BR 
BS 
BT 

BU 

BV 

BW 

BX 

BY 
BZ 

effective interoffice distance 

small &ice indicator 

channel bank investment for 
unmultiplexed SA lines per 
line 
SpK 
total access circuits 
ML ind 

autonomous switch 
investment per line 

host switch investment per 
line 
remote switch invcshncnt per 
line 
aggregate switch invcshncnt 

company type 
host/remote wire center inv 
oer line 

=IF(ring~ind=l,BL2,IF(BT2=0,2*VLOOKUP(A2,dist~tbl,3,FALSE),2*avg~~m~ds 
W) 

=IF(‘lwp db inputs’!D2<sm_off_ind,l,O) 

=IF(C2=0,0,l/C2*inputs!$C$160*CEILING(inputs!$C$16l*‘loop db inputs’!H2*(l- 
BEUC2)/inputs!$C$l65/24,1)) 

=AR2*BJ2 
=IF(ISNA(VLOOKUP(A2,dist~tbl,l,FALSE)),I,O) 

=IF(C2=O,O,IF(sw_type=“A”,1/C2*VLOOKUP(F2~~ine~~ll,sw~inv~tbl,IF(OR(B 
Y2=8,BY2=I),2,8))+VLOOKUP(F2/B2~inc~~ll,sw~inv~tbl,IF(OR(BY2=8,BY2=l) 
,5,l l))-inputs!$C$37/6-inputs!$CS24*(BE2)%op db 
inputs’!D2+(Z2*input!$C$97/2+CUF2’inputs!$C$37*(L2*2+02+~+AC2+AF2+ 
A12*2+AL2)),1F(AND(sw_type=“H”,B2~1).1KUP(F2*(1~ 
1/82)/B2/line~~ll,sw~inv~tbl,IF(OR(BY2=8,BY2=I),2,8))+VLOOKUP(F2’(l- 
l/B2)/B2/linc~fill.sw~inv~tbl,IF(OR(BY2=8,BY2=1),5,1 l))-inputs!SC$37/6- 
inputs!$C$24*(BE2)/‘loop db 
inouts’!D2+(Z2*inDuts!$C$97/2+C2~2*inputs!$C$37*(LZ*2+02+~+AC2tAF2+ 
Ai2*2+ALi)),O)))~sw_install_mult 
=IF(sw~typc=“H”,VLOOKUP(A2,br~tbl,22,FALSE),O) 

=IF(sw_type=““,IF(OR(BY2=8,BY2=l),inp~ts!$C$3,inputs!$C$2)+inputs!$C~*L 
N(FUB2/inputs!$C$l8)-inputs!$C$37/6-inputs!$C$24*(BEZ)rloop db 
inpuuts’!D2+(Z2*inputs!$C$97/2+C2/F2’in+AC2+AF2+ 

calculates effective interoff%e distance as ring 
distance (or spur distance) if rings are calculated for 
company, othewise produces distance to nearest 
BOC wire center (doubled to allow for route 
diversity) 
indicates (=I) if switched line total in wire center 
falls below user-set small &ice threshold value 
computes channel bank investment required to 
multiplex special access lines not served by DLC 

wire centers in loop data not appearing in distance 

multiple-switch wire centers, autonomous 
calculation applied to all but the first switch in the 
wire center 

obtains host switch investment per line from 
host/remote calculations 
obtains remote switch investment per line from 
host/remote calculations 
computes end office switch investment per line 
when host/remote calculations arc not enabled using 
aggregated investment input values that address 
host, remote, and antonmnous switches 
repeats operating company type code 
obtains per-line wire center investment from 
host/remote calculations 
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Worksheet: wire center investment Switching/Interoffice Module 

Column Name Formula Description 

CA 

CB 

cc 

CD 

CE 

CF 

spare 

leased facility quasi- 
investment per line, terminal 

leased facility quasi- 
investment per line, facility 

local tandem indicator (I = 
Yes) 
ring indicator (I = yes) 

effective DS3s in local ring 

determines distance over which facilities must be 
leased for companies without tandems in study area; 
the distance is the tandem distance between the 
BOC wire center to which the switch connects and 
the BOC tandem 

=IF(AND(CD2=O,CZ~O),tern~equiv_inv*AR2/C2,0) estimates surrogate investment for leased facility 
terminal equipment using monthly cost factor and 
representative monthly tariff input 

=IF(AND(CD2=O,C2>0),fac_equiv~inv’AR2/C2,0) estimates surrogate investment for leased facility 
using monthly cost factor and representative 
monthly tariff input 

=IF(VL~KW(A2,dist~tbl,6,FALSE)=VLOOKUP(l,IO,FALSE),l,0) indicates whether company has local tandem 

=IF(OR(ISNA(VLOOKuP(A2,~ing~list,l,FALSE)),BT2=l),0,l) indicates whether rings have been calculated for 
company 

=IF(OR(BT2=l,transit_fac=l ,CE2=O),O,VLOOKUF’(A2,ring~list,S,FALSE)*(l+tm obtains total DS-3 count in ring, including 
nsit-fac)U( I -transit-fat)) contributions from small offices connected by spurs 

to wire centers on ring; transiting traffic adjustment 
made in terminal investment calculation 
obtains tandem distance for BOC wire center to 
which small office connects if company has no 
tandems in study area 
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Worksheet: output Switching/Interoffice Module 

Column N~ttlCZ Formula Description 

A wire center =‘wire center invcshnent’!A2 repeats wire center location code 
B 1 total switched lines =‘wire center invcshent’!F2 1 rewats total switched line count for wire center 
C end offa switching inv per =-wire center invcshent’!HZ 1 repeats end offrice switching invcsbncnt per line 

1 line I I 
D 1 MDFlprotcctor inv per line 1 =‘wire center investment’!12 TeDeats MDFlprotector investment oer line: am&es 

to’non-DLC I&s 
. . 

E end office wire center inv per =‘wirc center investment’!R 
ii”@ 

repeats end office wire center investment per line 

F land per line =‘wire center invcstmcnt’!BD2 repeats wire center land investment per line 
G local tdm switching per line =‘wire center invcshnent’!TZ repeats tandem investment per line 
H local tdm wire center per line “wire center investment’!U2 repeats wire center investment for local tandem per 

line 
I OS tdm switching per line =‘wire center investment’!V2 repeats operator tandem inveshnent per line 
J OS tdm wire center per line =‘wire center investment’!WZ repeats wire center investment per line for OS 

tandem 
K OS trunk inv per line =‘wirc center investmcnt’!S2 repeats investment per line in operator trunks 
L operator position inv per line =‘wire center invcstmcnt’!X2 repeats operator positions invcshncnt per line 
M common transport, u/g cable =BH2*BV2 assigns cable facility invcsbncnt to underground 

inv per line WmmO” trrt”Sp.I* 
N common transport, buried =B12*BV2 assigns cable facility inveshnent to buried common 

cable inv per line transport 
0 common transport, aerial =BJ2*BV2 assiens cable facilitv investment to aerial common 

cable inv per line transport 
P common transport, pale inv =BK2’BV2 assigns pole investment to cormnon transport 

per line including effects of sharing interoffice and feeder 
dructttre 

Q common transport, conduit =BL2*BV2 
inv per line 

assigns conduit investment to common transport 
including effects of sharing interoffrcc and feeder 
structure 

R common h‘ansport, pullbox =BM2*BV2 assigns pullbox inveshncnt to common transport 
inv per line including effects of sharing interoff& and feeder 

I I StNctUre 
S common transmission =BM*‘wirc center investment’!BC2 assigns transmission terminal investment to 

terminal inv per line common transpon 
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Worksheet: output 

Column Name Formula 

T direct transport, u/g cable inv =BH2*BW2 
per line 

U direct transport, buried cable =Bl2*BW2 
inv per line 

V direct transport, aerial cable =BJ2*BW2 
inv per line 

W direct trampart, pole inv per =BK2*BW2 
line 

X direct transport, conduit inv =BL2*BW2 
per line 

Y direct transport, pullbox inv =BM2*BW2 
per line 

I I 
Z 1 direct transmission terminal 1 =BW2*‘wirc center investment’!BC2 

AA 

AB 

AC 

inv per line 
dedicated transport, u/g cable =BHZ*BX2 
inv per line 
dedicated transport, buried =BIZ*BX2 

cable inv per line 
dedicated transport, aerial =BJ2*BX2 

AD 

cable inv per line 
dedicated transport, pole inv 

per line 
=BK2*BX2 

AE dedicated tramport, conduit 
inv per line 

=BL2*BX2 

AF dedicated transport, pullbox 
inv per line 

=BM2*BX2 

AC? dedicated transmission =BX2”wire center investmcnt’!BCZ+‘tandndem and STP inves~ent’!$H$46+‘wire ..- 
terminal inv per line center investment’!BQ2 

AH 1 equiv per line local direct =‘wire center inveshucnt’!L2 
trunks 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

assigns cable facility invcshncnt to underground 
direct transpwt 
assigns cable facility investment to buried direct 
tiCUlSpO* 
assigns cable facility investment to aerial direct 
transport 
assigns pole invcshcnt to direct transport including 
effects of sharing interoff& and feeder structure 
assigns conduit investment to direct transport 
including effects of sharing interoff& and feeder 
structure 
assigns pullbox investment to direct transport 
including effects of sharing interoffice and feeder 
struchm 
assigns transmission terminal investment to direct 
trS”SpXt 
assigns cable facility invcsbnent to underground 
dedicated transport 
assigns cable facility investment to buried dedicated 
WItSpOrt 
assigns cable facility investment to aerial dedicated 
t”UlSpOti 
assigns pole investment to dedicated transport 
including effects of sharing interoffice and feeder 
structure 
assigns conduit investment to dedicated transport 
in&dine effects of sharing interoffice and feeder 
struchk 
assigns pullbox invcshucnt to dedicated transport 
including effects of sharing interoffrcc and feeder 
structure 
assigns transmission terminal investment to 
dedicated tranmnrt 
repeats total local direct trunk count expressed per 
lid 
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Worksheet: output 

COIUIIUI Name 

m total public telephone inv per 

I 
Ax fiber fdr u/g placement per 

line 

Formula 

=‘wire center investmen?! 

=‘wire center invesbnent’!AIZ 

=‘wire center investmen~!ALZ 

=‘wire center investmentJ!ACZ+‘wire center investment’!AOZ 

=‘wire center investment’!AFZ 

=‘wire center investment’! R2 
=IF(OR(‘loop db inputs’!BZ=S,STP_counv0),‘tandem and STP 
inveshnent’!$D$59,inputs!$C$82) 

=IF(OR(‘loop db inputs’!B2=8,STP_counv0),(‘tandem and STP 
invesrment’!$DS60+‘tandem and STP inveshnent’!$D$ZZ),inputs!$D$79) 
‘wire center investment’!Y2 
=‘wire center investment’!AA2 
=‘wire center investmenV!AN2 

=iopub!SFS44 

=inputs!W$43 

=IF(‘loop db inputs’!D2=0,0,‘lwp db inputs’!02/‘loop db inputs’!D2-BOZ*(‘loop db 
inputs’!OUloop db inputs’!D2)/(‘loop db inputs’!OVloop db inputs’!DZ+BGZ)) 
=IF(‘loop db inputs’!DZ=‘loop db inputs’!IZ,O,IF(‘loop db inputs’!N2=0,0,‘laop db 
inputs’!NU(‘loop db inputs’!DZ-‘loop db inputs’!IZ)-$BQZ*(‘loop db 
inputs’!NU(‘loop db inputs’!DZ-‘loop db inputs’!IZ))/(‘loop db inputs’!NU(‘loop db 
inputs’!DZ-‘loop db inputs’!IZ)+BDZ))) 
=IF(‘loop db inputs’!IZ=O,O,IF(‘Ioop db inputs’!M2+J,O,‘loop db inputs’!M2?loop db 
inputs’!IZ-$BQZ’(‘lop db inputs’!MVloap db inputs’!IZ)/(‘loop db inputs’!M2floop 
db inputs’!IZ+BD2))) 

HAI Model, v5.OA 
Switching/Interoffice Module 

Description 

repeats total local tandem trunk count expressed per 
line 
repeats total intraLATA direct trunk count expressed 
per line 
repeats total intraLATA t&dem trunk count 
expressed per line 
repeats total direct-routed access trunk count 
expressed pa line 
repeats total tandem-routed accss trunk count 
expressed per line 
repeats total operator hunk count expressed per line 
determines SCP investment per line as calculated 
value or surrogate value for companies without 
S’fFs in study area 
repeats wire center investment per line for SCP and 
STP 
repeats STP investment per line 
repeats signaling link investment per line 
repeats public telephone station equipment 
investment per line 
repeats average annual residential DEMs per line 

repeats average annual business DEMs per line 

computes feeder pullbox investment per line with 
effects of sharing with interoffice structure 
computes copper feeder underground placement per 
line with effects of sharing with interoffice structure 

computes fiber feeder underground placement per 
line with effects of sharing with interoff% struchw 
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Worksheet: output Switching/Interoffice Module 

COlUtlttl 

AY 

AZ 

BA 

BB 
BC 
BD 

BE 

BF 

BG 

BH 

BI 

BJ 

BK 

BL 

BM 

Name Formula Description 

per ,ne 

repeats underground placement investment for 

per line 
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Worksheet: output Switching/Interoffice Module 

Column Name Description 

line resulting from sharing of structure between 

various investment to common 

in assigning various investment to dedicated 
transport 
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